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SANITARY  ENGINEERING, 


BY 


WILLIAM  CAIN,  C.  E., 

Member  of  the  North  Carolina  Board  of  Health. 


GENERAL  CONSIDERATIONS. 

If  t^^phoid  fever,  diphtheria  and  certain  enteric  fevers  are 
properly  classed  as  "filth  diseases,"  then  it  must  follow  that 
they  are  a  disgrace  to  the  communities  which  are  afflicted 
by  them.  It  has  certainly  been  demonstrated,  in  numerous 
cases,  that  the  ravages  of  the  above  epidemics  were  in  direct 
proportion  to  the  foulness  of  the  locality.  Thus  in  one 
city,  diphtheria  followed  the  line  of  bad  sewers,  in  another 
of  bad  wells. 

The  cholera  of  1853,  in  London,  attacked  districts  fur- 
nished with  unfiltered  Thames  water  with  oh  times  the 
severity  experienced  by  neighboring  districts  supplied  with 
Thames  water  filtered  through  sand  and  charcoal. 

Neither  is  it  sufficient  that  our  own  house  be  free  from 
reproach.  The  individual  may  suffer  when  it  is  only  his 
neighbors  who  are  to  blame.  The  whole  community,  as  a 
unit,  must  practice  cleanliness. 

The  germ  of  disease,  engendered  amid  the  surroundings 
of  filth,  if  wafted  to  the  palace,  can  strike  as  deadly  a  blow 
there  as  in  the  dirty  hovel,  as  recent  examples  show.  Of 
the  exact  nature  of  the  gases  generated  by  refuse  organic 
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matter,  we  know  little  ;  but  experience  shows  that  the  health 
of  the  community  is  better  and  the  death  rate  lower,  the 
smaller  the  per  centage  of  the  deleterious  gases  to  the  air. 

The  o-pinion  is  gaining  ground  that  the  fatal  effects  of 
epidemics  may  either  be  prevented,  or  their  spread  mate- 
rially hindered  by  a  proper  attention  to  saintary  precau- 
tions. These  precautions  simply  consist  in  the  having,  at 
all  times,  pure  air,  luholesome  foixl,  and  good  water.  It  is  only 
the  first  and  last  of  these  requisites,  that  will  be  considered 
in  what  follows,  as  they  pertain  more  especially  to  the 
science  af  "Sanitary  Engineering;"  though  it  is  to  be  ob- 
served that  wholesome  food  is  to  a  certain  extent  dependent 
upon  the  good  water  or  milk  used  in  the  cooking. 

By  a  disregard  of  these  prerequisites  to  health — and  they 
are  more  or  less  disregarded  by  us  all — we  enfeeble  the  sys- 
tem, suffer  a  loss  of  vital  energy  and  are  thus  fit  subjects  for 
an  attack  by  the  first  epidemic.  ' 

We  are  told,  upon  the  best  authority,  that  in  England 
there  occurs  annually  upwards  of  four  millions  of  cases  of 
preventable  sickness,  and  that  125,000  persons  are  prema- 
turely cut  off,  every  year,  from  a  neglect  of  sanitary  precau- 
tions. The  "debilitating  effects"  of  large  cities  are  mainly 
due  to  the  poisonous  gases,  generated  by  the  putrid  matter 
of  sinks,  sewers,  &c.,  which  gases  find  their  way  into  cham- 
bers through  faulty  pipes  and  traps,  or  are  otherwise  dif- 
fused through  the  atmosphere.  When  the  debilitated  per- 
son seeks  the  pure  water  and  bracing  air  of  the  mountains, 
the  relief  is  almost  instantaneous,  thus  proving  the  life- 
giving  qualities  of  pure  air  and  pure  water.  The  Science 
of  Medicine,  so  long  confined  to  the  art  of  healing  alone, 
now  declares  in  favor  of  the  Seience  of  Prevention  as  the 
higher  philosophy. 

Let  us.  then,  state  the  principles  of  this  latter  science 
clearly  and  succinctly;  not  entering  into  many  details,  but 
giving  mainly  those  principles  and  facts  that  should  be 
known  by  every  one.     Any  system  proposed  must  be  a  sim- 
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pie  one — the  simplest  is  generally  the  best — to  meet  the 
needs  and  comprehension  of  all  classes.  The  law  organiz- 
ing the  N.  C,  Board  of  Health  requires  a  monthly  report 
from  each  county  on  vital  statistics.  It  is  of  great  impor- 
tance that  this  law  be  faithfull}''  carried  out,  so  that  the  effect 
of  the  suggestions  given  below,  where  carried  out,  may  be 
ascertained. 

The  act  creating  the  Board  of  Health  requires  that  the 
Board  "  shall  gather  information,  for  distribution  among 
the  people,  with  the  especial  purpose  of  informing  them 
about  preventable  diseases." 

Disease  may  be  prevented,  other  conditions  being  favora- 
ble, by  a  proper  attention  to  ventilation,  water  supply,  and  the 
prompt  disposition  of  sewage  matters. 

We  shall  consider  the  subject  in  the  above  order. 

VENTILATION. 

It  has  been  found  that  in  certain  manufactories  and  ma- 
chine shops,  that  the  air  is  so  filled  with  impurities  that  SO 
years  is  the  maximum  age  attained  by  the  operatives.  Such 
instances  (and  they  may  be  multiplied),  though  they  indi- 
cate criminal  neglect  in  the  management,  are  fortunately 
exceptional. 

The  impurities  that  we  shall  consider  under  this  head 
result  from  the  breathing  of  men  and  animals,  the  burning 
of  gas,  oil,  etc.,  in  illumination. 

Country  air,  wherever  analyzed,  is  found  to  contain  in 
volume  nearly  1-5  oxygen  to  4-5  nitiogen,  with  variable 
amounts  of  aqueous  vapor,  ammonia  and  carbonic  acid. 

The  ox3^gen  is  the  life-giving  principle  of  the  air.  An 
animal,  however,  exposed  to  pure  oxygen  gas  is  over-stimu- 
lated to  such  an  extent  that  it  soon  dies.  The  nitrogen, 
therefore,  acts  as  a  diluent  of  the  oxygen,  and  it  is  found 
that  the  above  proportion  of  4  to  1  cannot  be  much  varied 
without  deleterious  consequences  ensuing.  Dr.  Angus  Smith 
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has  made  a  large  number  of  analyses  of  air  in  various  parts 
of  Great  Britain.  The  amount  of  oxygen  by  volume  in 
10,000  parts  of  air  are  given  for  various  localities  asfoUows  : 

Mountain  air, 2099  parts. 

Towns  (average), 2096      " 

Room  (rather  close), 2089      " 

Pit  of  a  theatre,  11.30  P.  M., 2074      " 

Backs  of  houses  and  closets, 2070      " 

When  air  contains  only  1850  parts  of  oxygen  to  10,000  of 
air,  it  will  not  support  the  combustion  of  a  candle,  neither 
will  it  support  life  long.  The  invisible  aqueous  vapor  ex- 
ists in  the  air  at  all  times  in  various  quantities,  often  con- 
densed as  visible  clouds,  dew,  etc.  Ammonia  is  found  at 
times  in  minute  quantities  in  the  air,  especially  over  stable 
manure.  The  most  important,  by  far,  of  the  air  constitu- 
ents, next  to  oxygen,  is  carbonic  acid.  Its  amount  varies 
within  wide  limits;  thus  in  Scotland,  mountain  air  con- 
tained 3.2  at  top  of  mountain,  to  3.4  at  bottom,  in  10,000 
volumes.  In  London  it  varies  from  3  in  open  parks  to  3.4 
on  the  Thames,  and  4  as  a  rough  average,  on  the  streets. 
In  Manchester,  the  amount  of  G.8  to  10,000  was  reached  dur- 
ing fogs,  which  is  slightly  over  the  extreme  allowance  con- 
sidered advisable,  which  has  been  fixed  at  6  in  30000  vol- 
umes. Carbonic  acid  is  formed  by  the  chemical  combina- 
tion of  carbon  with  oxygen.  Thus  when  wood,  coal,  oil  or 
gas  is  burnt,  carbonic  acid  is  formed.  It  is  also  given  off 
in  the  breathing  of  animals.  In  fact,  if  the  air  in  ajar  is 
extracted  and  then  returned  frcun  the  lungs  into  the  jar 
again,  it  will  not  support  the  combustion  of  a  candle, 
although  the  amount  of  carbonic  acid  expired  is  only  5  per 
cent.  The  lungs  and  body  likewise  exhale  organic  impu- 
rities, about  in  proportion  to  the  amount  of  carbonic  acid 
thrown  off,  the  nose  readily  detecting  the  vitiation  due  to 
this  cause. 
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It  is  found  that  a  man  gives  off  somewhat  over  6-10  of  a 
cubic  foot  of  carbonic  acid  per  hour;  that  a  lamp  or  two 
lighted  candles  produce  the  same  amount,  and  that  a  gas 
jetj  burning  3  cubic  feet  of  gas  per  hour,  produces  as  much 
carbonic  acid  per  hour  as  two  or  three  people.  It  is  true 
that  the  gas  gives  off  no  organic  impurities,  but  if  not  burn- 
ing brightl}'  the  poisonous  carbonic  oxide  is  always  formed. 

If  we  adopt  6  volumes  in  10,000  as  the  safe  limit  of  the 
amount  of  carbonic  acid  to  air,  then  it  follows  that  for  every 
man  or  lamp  or  two  candles  in  a  room,  we  must  supply  at 
least  1,000  cubic  feet  of  pure  air  in  every  hour  to  dilute  the 
6-10  cubic  feet  of  carbonic  acid  formed.  A  gas  jet  will  re- 
quire two  or  three  times  as  much  pure  air. 

This  theoretical  amount  is  even  too  small;  practical  ex- 
perience shows  that  we  sho  uld  admit  from  2,000  to  3,000 
cubic  feet  of  fresh  air  per  hour  for  every  individual.  It  is 
stated  that  a  good  fire  will  cause  from  6000  to  10000  cubic 
feet  of  air  per  hour  to  enter  and  leave  a  room.  The  car- 
bonic acid  formed  by  combustion  and  respiration  being 
heavier  than  air  at  the  same  temperature,  would  sink  to  the 
floor;  but  in  consequence  of  its  high  temperature,  it  first  rises 
to  the  ceiling  ;  so  that  as  much  as  60  to  70  parts  of  it  in 
10,000  of  air  has  been  found  at  the  top  of  an  ordinary  sized 
room  in  which  two  people  were  sitting  and  three  gas  jets 
burning.  Carbonic  acid  being  heavier  than  air  at  the  same 
temperature,  we  should  expect  to  find  the  largest  amount  of 
it  at  low  elevation,  thus  vitiating  the  lower  strata  of  the  at- 
mosphere, or  room,  very  greatly.  Fortunately,  however, 
gases  have  the  power  of  "  diffusion,"  so  that  a  heavy  gas 
will  actually  rise  to  mix  with  a  lighter  gas;  further,  it  will 
pass  through  membranes  and  thin  plates  of  stucco  to  effect 
the  same  object,  so  that  the  amount  of  carbonic  acid  is  not 
generally  a  function  of  the  elevation  of  a  locality. 

Let  us  consider  now  the  proper  method  of  supplying  pure 
air  to  a  room.  It  is  necessary  that  there  should  be  a  fire  in 
the  open  fire-place,  to  heat  the  air  in  the  chimne}''  or  flue, 
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causing  a  difference  of  pressure  in  the  external  and  internal 
air,  so  that  the  out-door  air  rushes  in  through  every  crack 
and  crevice,  even  through  the  solid  walls,  and  thus  forces 
the  foul  air  up  the  chimney. 

It  is  found,  however,  by  experience,  that  the  openings 
mentioned  are  not  generally  sufficient  to  admit  a  sufficient 
volume  of  pure  air.  Hence  our  custom  is,  at  intervals, 
when  headaches  or  debility  are  experienced,  to  open  the 
doors  or  windows  "  to  let  in  a  little  fresh  air."  A  wise  pre- 
caution certainly;  but  it  does  not  meet  the  whole  case,  for 
air  should  be  admitted  without  draft — i.  e.,  without  the  influx 
of  sharply-defined  cold  currents,  which,  as  is  well  known, 
produce  colds  with  their  attendant  evils.  The  problem  has 
been  solved,  however,  in  several  ways,  the  details  of  which 
are  simple  in  the  extreme. 

Thus,  if  the  lower  sash  of  the  window  is  raised  a  few 
inches  and  the  opening  below  it  is  completely  closed  by  a 
strip  of  plank,  there  will  still  remain  an  .opening  between 
the  sashes  where  they  overlap,  through  which  the  air  will 
pour,  being  necessarily  directed  upwards.  It  thus  strikes  the 
ceiling,  and  is  then  gradually  diffused  through  the  room 
without  draft. 

A  common  expedient  of  simply  lowering  the  top  sash 
allows  the  cold  air  to  "  trickle  down"  on  our  heads.  In  the 
latter  case,  however,  a  board  may  be  placed  at  an  inclina- 
tion against  the  upper  part  of  the  sash,  so  as  to  give  the  en- 
tering current  an  upward  direction. 

Either  of  these  plans  is  liable  to  failure  when  curtains 
or  blinds  are  used.  So  that  a  more  generally  applicable 
method  would  consist  in  boring  holes  through  the  upper 
part  of  the  doors  or  walls,  and  giving  the  entering  air  an 
upward  direction  by  means  of  inclined  planes  of  some  kind  ; 
or  tubes  of  wood  or  iron  may  be  passed  through  the  walls 
and  turned  directly  upwards  on  entering.  They  should  ex- 
tend to  at  least  7  feet  above  the  floor. 
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The  air  in  all  cases  should  be  drawn  directly  from  out- 
doors, and  not  from  passages  or  other  rooms.  The  open- 
ings, moreover,  should  admit  of  being  partially  or  entirely 
closed  on  ver}'-  stormy  and  windy  days.  All  of  the  above 
plans  have  been  tried  in  dwellings,  club-rooms,  etc.,  with 
complete  success. 

The  proper  size  of  tube  or  opening  to  use  must  be  deter- 
mined by  experience.  Two  tubes,  of  two  inches  diameter 
each,  may  be  tried  for  an  average-sized  room.  It  is  stated 
that  "  two  square  tubes,  5x5  inches,  will  keep  a  good  sized 
club-room  fresh." 

Now,  this  method  of  ventilation  is  dependent  upon  a  fire 
being  maintained  at  the  lower  level  of  the  room  to  cause 
the  currents  to  enter  with  sufficient  velocity.  The  system 
fails  in  summer ;  when,  however,  we  do  not  object  to  the 
draft  caused  by  opening  the  doors  and  windows. 

In  theaters  and  closed  halls,  a  series  of  gas  jets  may  be 
used  to  create  a  .current,  the  heated  air  passing  outdoors 
through  flues  placed  directly  over  the  gas  gets. 

It  is  evident  how  important  a  factor  of  health  ventilation 
is  in  crowded  school  rooms ;  in  fact  all  places  where  crowds 
may  congregate  and  speedily  vitiate  the  air.  Tlie  bad  effects 
are  everywhere  admitted.  The  good  effects  of  the  systems 
proposed  have  been  proved,  especially  in  school  houses  and 
hosp  tals.  In  a  Dublin  hospital,  in  1783,  for  25  years  when 
the  ventilation  was  bad,  3,000  out  of  18,000  children,  born 
there,  died  within  the  first  fortnight  of  their  birth.  AVith 
better  ventilation  in  the  succeeding  28  years,  550  died  out 
of  every  15,072. 

The  report  of  1861,  states  that  further  improvements  in 
ventilation  have  been  made,  and  deaths  from  the  "  nine-day 
fits,"  which  carried  off  most  of  the  infants,  was  then  almost 
unknown. 

The  records  concerning  ventilation  in  connection  with 
lung  diseases  is  equally  striking.  Such  diseases  thrive  in 
cities  where  the  smoke  resulting  from  the  burning  of  coal 
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is  charged  with  impurities,  such  as  "  hj'drocarbons,  sulphide 
of  ammonium,  carbonic  oxide,  and  probably  very  minute 
quantities  of  arsenic."  Even  now  the  cry  is  going  up  from 
London  for  a  purification  o'f  its  atmosphere  from  smoke. 
This  evil  we  do  not  suffer  much  from  in  North  Carolina, 
the  population  being  scattered  and  the  cities  small.  But  we 
need  a  thorough  inspection  of  public  buildings  with  a  view 
to  proper  ventilation. 

Wiien  it  is  known  that  30  parts  of  carbonic  acid  to  10,000 
of  air  is  often  found  in  theatres  and  public  halls,  which  is 
five  times  the  admissible  amount,  it  will  be  admitted  that 
reform  is  needed. 

The  amount  of  space  per  head  allowed  in  the  room  by 
various  authorities,  varies  from  300  to  1000  cubic  feet;  the 
amount  being  smaller  when  the  room  is  only  occasionally 
filled  with  its  maximum  number. 

We  shall  conclude  this  popular  exposition  of  the  subject 
by  a  condensed  su'umary  of  the  various  tnodes  of  heating 
in  vogue  in  the  order  of  merit  as  given  in  Prof.  Jenkin's 
"Healthy  Houses,"  (Harper's  Half  Hour  Series),  a  book 
that  ever}'  one  should  have. 

The  open  fire  place  is  best,  although  most  expensive,  as  it 
heats  ])y  radiation,  and  secures  ventilation. 

Next  follow  in  the  order  of  descending  merit,  hot  water 
pipes,  porcelain  stoves,  hot  air  pipes,  cast  iron  stoves,  and 
last  and  worst,  gas  stoves  with  no  chimney.  These  pipes  and 
stoves  heat  largely  by  co/u.'ec^io?i,  i.  e.,  by  heating  the  air  next 
to  them,  which  rises  and  is  diffused  through  the  room,  the 
cold  air  taking  its  place  to  be  in  turn  heated,  &c. 

Iron  stoves,  es[)ecially  when  over-heated,  emit  a  bad  smell, 
supposed  to  arise  from  the  decomposition  of  organic  sub- 
stances in  the  air  by  their  contact  with  the  heated  sides  of 
the  stove  and  pipe.  Moreover,  if  the  stove  is  red  hot,  the 
poisonous  carbonic  oxide  and  other  gases  will  pass  through 
the  red  hot  iron  and  thus  enter  the  room.  The  air  is  charred 
and  dried  too  much  by  iron  stoves.     The  porcelain  are  far 
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preferable.  Hot  air  pipes  are  better  aud  moreover  distrib- 
ute the  heat  more  uniforml}^  though  if  the  furnace  becomes 
red  hot  poisonous  carbonic  oxide  will  pass  into  the  pipes. 
Some  describe  the  "  hot  air"  as  having  the  "  life  taken  out 
of  it."  Hot  water  pipes  are  better  than  hot  air  pipes ;  the 
air  is  not  over-heated  and  a  uniform  temperature  is  pre- 
served for  a  long  time.  It  is  much  used  in  hot  houses, 
baths,  drying  rooms,  etc. 

Exits  must  be  provided  for  the  foul  air  where  the  hot  air 
system,  the  water  pipes,  or  the  gas  stoves  are  used.  For 
comfort  and  cheerfulness,  no  device  can  equal  the  open  fire 
place,  fed  with  oak  or  hickory  wood,  not  ignoring  either 
the  historic  pine. 

The  fresh  air  then  comes  in  through  the  tubes,  etc.,  cold, 
with  plenty  of  oxygen  and  perhaps  ozone  in  it,  and  is  grad- 
ually diffused  through  the  room  as  it  becomes  heated,  to 
give  up  the  proper  amount  of  oxygen  required  for  respira- 
tion and  combustion.  What  excuse  can  there  be  for  close 
rooms,  that  breed  debility  of  various  kinds,  when  pure,  fresh 
air  can  be  obtained  by  us  at  such  a  small  cost? 

WATER   SUPPLY. 

All  of  our  supplies  of  water  are  derived  from  rainfall, 
part  of  this  rainfall  evaporating  again,  part  running  off  into 
the  streams  and  thence  into  the  ocean  to  be  again  distilled 
and  sent  back  to  us  as  clouds  and  rain,  and  part  sinking 
into  the  earth  and  forming  the  small  subterranean  streams 
which  furnish  the  water  of  our  springs  and  wells.  In  run- 
ning over  or  through  the  ground,  this  water  takes  up  such 
salts  as  it  meets  that  are  soluble.  Some  of  these,  together 
with  the  air  and  carbonic  acid  dissolved  giving  the  pleasant 
taste  to  our  usual  potable  waters. 

Other  salts,  derived  from  decaying  organic  matter — dead 
bodies,  manure,  filth,  etc. — are  harmful  in  the  highest  de- 
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gree,  and  have  bred  mischief  and  death  in  innumerable 
cases. 

The  geological  structure — stratification,  faults,  character 
of  the  earth,  etc. — should  be  studied  in  this  connection. 
Thus  it  was  found  in  a  certain  locality  that  wells  very  near 
a  grave  yard  gave  good  water,  whereas  wells  on  the  oppo- 
site side,  several  hundred  yards  off,  in  the  direction  of  the 
dip  of  the  strata,  were  polluted  to  a  dangerous  extent.  The 
explanation  is  simply  that  water  has  a  tendency  to  flow 
along  the  planes  of  stratification,  where  the  strata  are  well 
defined. 

Similarly  numerous  cases  of  fevers,  cholera,  &c.,  have 
been  traced  to  bad  water;  localities  with  wells  situated  on 
the  subterranean  current  that  flowed  past  the  diseased  refuse, 
cess  pool,  etc.,  being  attacked  whilst  neighboring  localities 
were  free  from  the  epidemic.  It  is  needless  to  specify  par- 
ticular instances.  Let  no  wells  be  placed  where  kitchen  re- 
fuse, slops,  manure  or  an}^  kind  of  fecal  matter  can  drain 
into  them.  Where  no  stratification  exists,  then,  if  possible, 
place  the  well  two  or  three  times  its  depth  from  any  offending 
matter.  A  well  can  just  as  properly  be  dug  next  to  the 
house  as  elsewhere,  provided  slops  and  kitchen  refuse  are 
emptied  some  distance  from  it.  In  one  instance  soap}' water 
was  found  by  analysis  in  one  well,  whose  sparkling  waters 
would  never  have  suggested  it.  The  whole  of  the  slops  of 
the  establishment  were  thrown  where  they  drained  directly 
into  the  well. 

It  must  be  carefully  born  in  mind,  that  the  well  is  the 
point  of  least  resistance  to  the  numerous  little  streams  en- 
tering it  and  that  it  may  induce  a  flow  from  a  considerable 
extent  of  the  surrounding  earth.  Chemical  analysis  can 
alone  show  if  some  of  these  little  streams  have  been  pol- 
luted ;  in  fact,  whether  a  well  is  the  drainage  receptacle  of 
the  filth  on  the  surface  or  from  the  rotten  cess  pool — the 
disgrace  of  any  land  where  it  is  found. 
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Unless  the  surface  is  kept  perfectly  free  from  excremental 
and  refuse  matters,  then  wells  in  .he  vicinity  should  not  be 
used.     The  same  remarks  apply  to  springs. 

Pure  water  is  often  brought  to  cities  from  great  distances 
by  means  of  conduits  of  brick  or  cast  iron.  Where  adja- 
cent river  water  has  to  be  used  it  is  purified  by  passing 
through  sand  and  charcoal  filters.  It  has  been  found  that 
polluted  rivers  become  purer  in  their  onward  flow.  One 
reason,  perhaps,  is  that  the  fish  oat  fecal  matter  that  is  not 
decomposed;  another,  that  the  matter  is  oxidized  as  it  is 
tossed  to  and  fro  by  the  current  and  thus  rendered  innocu- 
ous, and  is  besides  more  and  more  diluted  in  its  onward 
flow. 

It  will  probably  not  be  long  before  our  cities  will  demand 
a  public  system  of  water  supply  with  its  attendant  system  of 
reservoirs,  pipes,  hydrants,  &c. 

WATER   SYSTEM. 

Then  will  likely  follow  the  complex  system  oi  ivater  sewer- 
age, which  is  now  regarded  as  the  best  for  the  largest  cities; 
though  it  is  admitted  that  it  is  a  delicate  machinery  and 
requires  the  greatest  care  in  its  manipulation. 

This  system  has  been  so  thoroughly  studied  that  a  suf- 
ficient literature  exists  on  the  subject  to  answer  the  needs 
of  practice  ;  so  that  it  is  needless  to  enter  into  any  technical 
discussion  of  it  here. 

The  object  to  be  accomplished  by  the  system  is  to  carry 
all  off'ensive  matters  underground,  and  as  rapidly  as  possi- 
ble, out  of  the  city,  by  the  aid  of  the  water  used  in  the 
houses  and  the  rain-water  that  falls.  The  proper  carrying 
out  of  a  system  of  this  kind  requires  the  aid  of  enlightened 
sanitary  engineers  of  experience ;  above  all,  in  the  general 
design.  Jenkin's  "  Healthy  Houses,"  already  referred  to,  is 
sufficient  to  show  the  general  reader,  not  only  the  cause  of 
many  failures,  but  the  remedy ;  in  fact  the  conditions  that 
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the  s^'stem  should  fulfil.  Let  it  be  borne  in  mind  by  any 
town  contemplating  the  water  system,  that  an  error  in  de- 
sign, like  the  bad  foundation  to  a  structure,  is  often  very 
difficult  to  remedy. 

As  to  the  disposal  of  the  sewage- matter,  opinion  is  to  some 
extent  divided.  The  plan  most  in  vogue  is  to  discharge 
the  sewage-matter  into  some  stream,  which  may  thus  be  re- 
garded, in  one  sense,  as  the  continuation  of  the  sewer. 

The  pollution  of  the  stream  is  not  found  to  extend  many 
miles  below  the  mouths  of  the  sewers.  In  the  case  of  tidal 
waters,  however,  the  refuse  is  empted  near  the  city,  is  floated 
up  and  down  the  stream  past  it,  giving  anything  but  an  air 
of  cleanliness  to  the  eye  or  satisfaction  to  the  nose.  Another 
plan  consists  in  passing  the  sewage  at  intervals  from  large 
tanks,  where  it  is  collected,  through  hundreds  of  earthen- 
ware pipes,  loosely  jointed,  placed  about  one  foot  below  the 
surface  of  the  ground  and  in  parallel  rows.  The  sewage 
leaks  through  the  joints  into  the  surrounding  soil,  which 
purifies  it  by  absorption  and  oxidation. 

By  distributing  the  sewage  over  a  sufficient  extent  of  sur- 
face, it  is  found  that  the  soil  does  its  work  perfectly  ;  being 
aided,  moreover,  by  thegrowing  vegetation,  taking  up  much 
of  the  sewage  through  its  roots.  The  purification,  though, 
is  principally  due  to  the  earth,  which  has  the  propert}^  of 
absorbing  and  condensing  gases,  such  as  air,  &c.;  so  that 
each  little  particle  of  earth  is  surrounded  with  condensed 
oxygen,  which  acts  upon  the  sewage-matter  the  instant  it 
comes  in  contact  with  it,  and  oxidizes  the  organic  part, — 
throwing  it  off  into  the  air, — not  as  poisonous  etfluvia, 
which  is  the  result  of  decomposition  with  a  limited  amount 
of  oxygen,  as  in  close  drains,  but  as  harmless  aqueous  vapor, 
carbonic  acid  and  ammonia.  The  amount  of  oxygen  ab- 
sorbed by  the  soil  is  not  large,  but  it  seems  to  be  replaced 
as  rapidly  as  it  enters  into  combination,  and  thus  to  furnish 
an  indefinite  supply  to  the  matter  with  which  it  combines. 
(See  Johnson's  "How  Crops  Feed,"  pp.  218,  168,  etc.) 
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An  e.^periment,  that  any  one  can  perform,  will  illustrate 
this:  Add  a  few  drops  of  sulphate  of  indigo  solution  to 
some  clear  water;  the  water  assumes  an  intense  blue  color, 
which  color  it  retains  on  filtering  through  an  ordinary  fil- 
tering paper.  But  if  we  strew  over  the  filter  paper  some  pow- 
dered charcoal  (animal  charcoal  is  best)  the  water  comes 
through  perfectly  colorless.  If  we  use  earth  in  place  of 
the  charcoal  the  water  that  passes  through  it  is  slightly 
colored,  thus  showing  that  earth  is  not  so  powerful  an  agent 
as  charcoal.  Now  evidently  here  the  earth  or  the  charcoal 
have  exercised  a  different  inflaence  from  the  filter  paper 
alone.  The  filter  paper  will  catch  suspended  matter.  Thus 
muddy  water  passed  through  it  becomes  clear,  but  it  does 
not  alter  chemically  the  substances  in  sohdion.  We  have 
just  seen,  though,  that  earth  or  charcoal  does,  and  the  usual 
hypothesis  to  account  for  this  fact  is  that  "  porous  substances 
condense  gases — air,  oxygen,  etc.,  in  proportion  to  the  extent 
of  their  interior  surface,"  and  this  oxygen  actually  destroys 
by  slow  combustion  the  substance  in  question.  The  enormous 
amount  of  surface  to  volume  of  porous  charcoal  or  piles  of 
earth  permits  the  condensation  of  a  large  amount  of  gas 
which  stands  ready  to  attack  any  chemical  body  that  can 
be  decomposed  or  altered  by  it. 

It  must  then  be  distinctly  understood  that  the  putrescent 
substances  are  not  absorbed  (as  usually  stated)  by  the  earth 
or  charcoal,  or  other  porous  material ;  but  are  chemically 
changed — oxidized  or  burnt  up — so  that  their  objectionable 
features  are  no  longer  perceived ;  the  nitrogen,  etc.,  is  thrown 
off  into  the  air,  so  that  the  earth  has  about  the  same  con- 
stitution after  its  use  in  the  manner  indicated  as  before. 

At  Merthyr  the  effluent  water  from  the  filter  beds  was 
analyzed  by  Dr.  Frankland  ;  showing  that  when  230,  500 
and  1,250  people  were  draining  on  to  them  per  acre,  the 
effluent  water  was  respectively  30,  17  and  3  or  4  times  purer 
than  the  standard  of  fair  potable  water. 
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It  is  thus  seen  how  effectually  surface  soil,  where  there  is 
plenty  of  air,  does  its  work.  It  is  warmly  advocated  by 
Geo.  E.  Waring,  Jr.,  (see  "  The  Sanitary  Condition  of  Dwell- 
ing Houses,"  Van  Nostrand,  price  50  cts.,)  to  get  rid  of  all 
liquid  refuse,  about  the  country  or  town  house,  where  there 
is  no  system  of  sewers,  by  passing  it  through  loosely  jointed 
pipes,  laid  about  one  foot  below  the  surface  in  the  back  yard. 
He  states  that  the  system  has  been  found  to  work  admirably, 
winter  and  summer,  wherever  tried. 

It  may  be  stated  that  the  efforts  that  have  hitherto  been 
made  to  utilize  the  fertilising  properties  of  sewage  have  not 
been  profitable. 

THE    LIERNUR    SYSTEM. 

In  a  paper  read  before  the  Austrian  Society  of  Engineers, 
Vienna,  (see  Baldwin  Latham's  "  Sanitary  Engineering," 
Am.  ed.,)  Mr.  J.  Chailly  says: 

"  The  two  conditions  of  removal  without  producing  dis- 
agreeable odors,  and  carrying  off  the  matter  in  short  periods 
are  almost  entirely  fulfilled  in  Liernur's  Pn-eumatic  sewer- 
age-system, in  which  the  iron  waste-pipes,  which  are  water- 
tight, and  air-tight  are  united  to  a  system  of  iron  pipes 
whichrun  into  a  central  station,  where  the  air  pump  is 
placed  which  pumps  all  the  matter  into  a  reservoir.  The  col- 
lection and  sale  of  this  matter  does  not  usually  cover  the 
cost  of  the  labor.  The  reports  on  this  system  are  conflict- 
ing, and  yet  the  majority  of  them  speak  in  its  favor." 

This  system  has  much  in  its  favor,  though  it  is  too  little 
known  to  be  able  to  form  an  intelligent  opinion  about.  It 
would  seem  that  there  would  be  some  difficulty  experienced 
in  the  case  of  repairs  to  the  pipes  being  needed. 

THE    ROCHEDALE    PAIL   SYSTEM.* 

This  consists  simply  in  half-barrels  or  pails  being  placed 
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under  the  seats  of  the  closed  privy  to  receive  the  fecal  dis- 
charges; the  pails  being  removed  about  once  a  week,  after 
putting  on  a  hermetically  tight  cover,  empty  disinfected 
pails  taking  their  place.  The  matter  is  carried  out  of  the 
town,  and  ma}'^  be  empted  into  streams  or  spread  on  old 
fields,  a  slight  covering  of  dry  earth  being  used  to  keep 
down  the  smell,  or  the  matter  may  be  sold  for  manure.  It 
is  well  to  add  dry  earth,  ashes  or  charcoal  every  day,  to  the 
pails  in  use,  and  moreover  to  ventilate  the  privy. 

This  system  is  an  excellent  one  for  mostof  our  j^owns  and 
small  cities.  Having  to  carry  the  pails  through  the  house 
or  yard  to  the  street  is  an  objection.  It  is  now  being  tried 
on  a  large  scale  in  New  Orleans,  where  the  water  system 
cannot  be  used. 

All  of  our  cities  and  towns  can  introduce  this  system  with 
such  a  small  outlay  of  capital,  that  it  would  seem  to  be  the 
one  just  now  to  be  most  highly  recommended. 

The  corporation  should  bear  the  expenses  cf  the  trans- 
portation of  the  excrementitious  matter,  as  well  as  of  other 
refuse  and  filth,  found  in  all  towns,  due  to  various  causes. 

THE   DRY    EARTH   SYSTEM. 

The  great  advantages  offered  by  the  "  dry  earth  closet"  is 
well  known,  and  its  admirable  adaptability  to  the  sick  room.. 
The  system  proposed  is  founded  on  this,  and  consists  in  the 
same  pails  used  in  the  preceding  system,  placed  in  closed 
privies,  on  firm  and  dry  plank  or  concrete  foundation.*  The 
only  difference  is,  that  in  this  S3^stem  greater  care  is  used  in 
spreading  charcoal  or  dry  earth  over  the  night  soil,  so  as  to 
burn  it  up  as  quickly  as  possible,  and  that  the  pails  are 
emptied  in  a  tight  vault  on  the  premises,  a  little  earth  being 
thrown  on  top  of  the  emptied  mass,  to  keep  down  odor  and 
continue  the  work  of  oxidation  to  completion. 

*See  Cuts,  pages  27,  28  and  29. 
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There  appeared  an  excellent  article  on  "Village  Sanitar}^ 
Work"  in  Scrihrier's  for  June,  1877,  by  George  E.  Waring, 
Jr.  The  writer  says:  "In  the  autumn  of  187G,  I  had 
brought  to  ray  house,  where  only  earth  closets  are  used,  two 
small  cart  loads  of  garden  earth,  dried  and  sifted.  This  was 
used  repeatedly  in  the  closets,  and  when  an  increased  quan- 
tity was  required  additions  were  made  of  sifted  anthracite 
•ashes.  The  amount  of  material  now  on  hand  is  about  two 
tons,  which  is  ample  to  furnish  a  supj)ly  of  dry  and  decom- 
posed ma1,erial  whenever  it  becomes  necessary  to  fill  the 
reservoirs  of  the  closets.  The  accumulation  under  the  seats 
is  discharged  through  valves  into  brick  vaults  in  the  cellar. 
When  tliese  vaults  become  filled — about  three  times  in  a 
year — their  contents,  which  are  all  thoroughly  decomposed, 
are  piled  up  in  a  dry  and  ventilated  place,  with  a  slight 
covering  of  fresh  earth  to  keep  down  any  odor  that  might 
arise.  After  a  sufficient  interval  these  heaps  are  ready  for 
•furtlier  use,  there  being  no  trace  in  any  portion  of  foreign 
■matter  or  any  appearance  or  odor  differing  from  that  of  an 
amused  mixture  of  earth  an  ashes.  In  this  way  the  material 
has  been  used  over  and  over  again,  at  least  ten  times,  and 
there  is  no  indication  to  the  sense  of  any  change  in  its  con- 
dition." 

The  same  earth  can  be  used  over  and  over  again,  thus 
doing  away  with  what  was  once  urged  as  the  principle  ob- 
jection to  tlie  earth  closet  system — the  continual  removal  of 
large  bodies  of  earth. 

A  chemical  analysis  showed  that  there  was  no  more  or- 
ganic matter  in  the  used  earth  than  in  fresh  earth ;  thus 
proving  that  in  this  case  800  pounds  of  nitrogen,  etc.,  had 
gone  back  to  the  air  in  a  harmless  state,  the  solid  organic 
matter  being  estimated  at  800  pounds,  of  which  some  230 
"vvas  nitrogen.  The  powerful  disinfecting  properties  of 
charcoal  are  w^ell  known.  When  there  is  odor  about  a  dead 
body,  there  is  nothing  better  than  carbon  in  some  of  its 
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forms  to  destroy  it.     The  smoke  from  burning  tar,  coffee, 
dried  apples,  etc.,  have  all  been  successfully  tried. 

A  covering  of  charcoal  will  preserve  tainted  flesh  of  any 
kind ;  the  dog  instinctively  acts  upon  this  principle  when 
he  buries  a  bone  in  the  earth  to  make  a  repast  upon  some 
days  or  weeks  afterwards.  In  all  these  cases  it  is  not  the 
charcoal  or  earth,  but  the  oxygen  contained  in  its  pores  that 
destroys  the  odors  and  burns  up  the  substance. 

As  Mr.  Waring  says,  "  earth  is  not  to  be  regarded  as  a 
vehicle  for  the  inoffensive  removal  beyond  the  limits  of  the 
town  of  what  has  hitherto  been  its  most  troublesome  pro- 
duct, but  as  a  medium  for  bringing  together  the  offensive 
ingredients  of  this  product  and  the  world's  great  scavenger, 
oxygen.  This  oxygen  does  its  work  of  liberating  the  or- 
ganic elements  so  well  that,  according  to  Professor  Voelcker, 
"  the  use  of  the  same  earth  four  or  five  times  over,  although 
perfectly  successful  in  accomplishing  the  chief  j^urpose  of 
deodorization,  fails  to  add  to  it  a  sufficient  amount  of  fer- 
tilizing matter  to  make  it  an  available  commercial  manure." 
This  agrees  with  the  analysis  previously  mentioned.  If  the 
earth  does  its  work  thoroughly,  the  manure  is  lost,  for,  in 
truth,  this  is  the  object  to  be  accomplished  ;  to  drive  the  organic 
elements  back  again,  uncombined,  or  least  in  harmless  com- 
binations, to  the  ..air ;  and  this  the  condensed  oxygen  ac- 
complishes. 

This  dry  earth  system  is  familiar  to  soldiers  of  the  late 
war,  the  sinks  used  by  them  receiving  daily  a  slight  cover- 
ing of  the  very  earth  thrown  out  in  their  construction. 
This  effectually  prevented  delerious  effects ;  and  in  exact 
accordance  Avith  the  theory  and  facts  previously  adduced, 
the  organic  matter  was  so  soon  dissipated — when  the  sys- 
tem was  carried  out  faithfully — that  the  earth  was  not  worth 
removal  as  manure.  This  fact  I  know  from  experience ; 
and  it  agrees  with  all  other  experiments  and  analyses  refer- 
ring to  this  point.  When  the  earth  covering  is  too  slight, 
or  it  is  neglected  at  times,  the  result  will  be  more  manure 
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l)ut  (liniiiiisliGd  healthfulness.  There  can  be  no  hesitation 
in  the  choice. 

It  is  admitted  that  this  system  does  not  admit  of  the  same 
public  control  as  the  preceding ;  but  it  may  be  made  emi- 
nently serviceable  by  those  who  desire  it.  It  is  especially 
applicable  to  country  houses  and  the  smaller  villages. 

I  know  of  this  system  being  carried  out  and  satisfying 
the  daily  wants  of  from  70  to  100  persons — the  room  being 
almost  entirely  free  from  odor  at  all  times.  If  sulphate 
of  lime  is  added  it  fixes  the  ammonia  that  would  otherwise 
be  driven  off  and  thus  renders  the  product  of  some  use  as  a 
fertilizer. 

CONCLUSIONS. 

Much  more  might  be  said  relative  to  the  general  princi- 
ples to  be  observed  in  securing  health,  concerning  the  com- 
plete drainage  of  the  subsoil  and  wet  cellars,  the  improper 
use  of  lead  pipes,  etc.,  etc. ;  but  it  is  believed  that  sufficient 
ground  has  been  gone  over  to  afford  that  general  informa- 
tion on  the  subject  that  all  should  be  acquainted  with,  and 
moreover  to  show  that  if  any  of  the  systems  for  the  dispo- 
sal of  sewage  matters  is  faithfully  carried  out,  simultane- 
ously with  a  i)roper  attention  to  ventilation,  water  supply 
and  the  general  cleanliness  of  streets  and  yards,  that  the 
death  rate  will  be  lowered  and  that  ei)idemics  will  be  almost 
unknown. 

Let  every  o})en  privy  and  cess  pool  be  abolished  with 
their  pestilential  odors ;  it  follows  that  the  source  of  con- 
tamination of  the  wells  is  gone,  and  that  zymotic  diseases 
will  have  their  usual  channels  of  attack  effectually  cut  off. 

Let  us,  then,  advauec  towards  that  higher  civilization 
which  demands  i)ure  air  and  wholesome  water,  not  simply 
as  a  luxury  to  be  enjoyed  only  on  the  cool  mountain's  sides, 
but  as  a  necessity,  to  be  enforced  in  city  and  village  by 
stringent  laws  and.reipiirements. 
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Through  the  courtesy  of  Dr.  Charles  F.  Folsom,of  the 
Massachusetts  Board  of  Health,  the  accompanying  wood 
cuts  are  presented.  They  having  first  appeared  in  the  Mas- 
sachusetts Report  of  the  Board  of  Health  for  1876. 

The  cuts  represent  in  order  the  natural  drainage  from 
open  privies  and  ^nks,  into  wells  that  are  placed  too  near 
them.  Sections  of  common  privies  and  sink  hole,  hoth 
polluting  the  soil  around  them  ;  and  lastly  three  plans  for 
privies  based  upon  the  dr}^  earth  system. 

It  is  to  be.observed  with  respect  to  the  latter,  that  the 
conditions  are  simply  that  the  pails  used  be  completely  un- 
der cover  and  placed  upon  a  dry  foundation,  so  that  no 
matter  from  the  pails  shall  even  reach  the  ground  below 
them,  tlioreby  poisoning  the  air  with  its  effluvia  and  the 
wells  with  its  drainage. 

It  is  necessary  that  the  earth,  charcoal  or  ashes  be  kept 
in  a  dry  place  and  under  cover,  the  most  convenient  place 
being  an  apartment  just  to  the  rear  of  the  pails,  from  whence 
it  can  readily  be  shovelled  into  the  pails  under  and  not 
through  the  seats  as  when  the  ashes,  etc.,  are  kept  in  the 
privy  room  proper. 

Any  ordinary  open  privy  can  generally  be  transformed 
into  one  closed  from  the  access  of  rain,  by  cutting  out  a 
space  in  the  weatherboarding  of  the  back,  nearly  as  high 
as  the  top  of  the  seats,  and  replacing  this  boarding  by  a 
door  working  on  vertical  or  horizontal  hinges,  as  shown  in 
one  of  the  figures.     On  opening  this  door,  the  half  barrels 
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or  pails  can  be  set  under  the  seats,  and  ev&ry  morning  charj 
coal,  etc.,  can  be  thrown  over  the  contents  so  as  keep  down 
all  odor.  The  pails  should  be  set  upon  a  plank  or  stone 
foundation — at  least  upon  a  few  blocks  or  bricks — to  elevate 
them  a  few  inches  above  the  ground,  so  that  water  may  not 
reach  them.  As  the  pails  are  filled  they  should  be  emptied 
under  a  shed  and  dry  earth,  etc.,  strewn  over  the  contents, 
the  action  of  which  in  destroying  the  organic  matter  has 
been  already  explained. 

Where  wells  are  at  a  distance,  the  contents  of  the  pails 
might  be  emptied  on  cultivated  ground  for  their  manure, 
a  slight  covering  of  earth  being  again  used  to  keep  down 
any  odor  that  might  arise. 
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Winchester  Covpoicdion., 
Jh'ya^h  closet,   Section 


Screezts  to  separce^  azuiets 
ftotn  aah  and-dixeci  iKc2aitex 
anio  the  excrement. 
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Rochdale  Corporation 
Pattern  Fait  closet, 

«*/  excrem  ezd  pail. 

B.ash  ttLJb. 

G.  ^ai coyer  [jaised) 

D  iron  collar  Jbelcrw seed .reachiii^^^ijildlyi^ct 

pail  yr^eit  corer  is  d^frrrL. 
F.  hinyed  upright  of  seat. 
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